Much has been written about fume fever (brass caster's ague, zinc chills, zinc shakes), and lead poisoning in brass foundries has been dealt with recently by Stalker (1947) and Hamlin and Weber (1947) , but the references to pulmonary fibrosis amongst non-ferrous foundry workers are few. Stalker wrote that " the incidence of advanced silicosis has been generally low among [brass] foundrymen ".
Many surveys of the incidence of pulmonary fibrosis in iron and steel foundry workers have been made, and some of them have also included groups of non-ferrous foundry workers. These include the reports by Trice and Easom (1936) , Greenburg, Siegel, and Smith (1938) , Sander (1939) , Brown and Klein (1942) , Riley, Butler, and Goren (1945) and Vigliani, Parmeggiani, and Zanetti (1948) . The term " non-ferrous " includes alloys with a copper base (brass, bronze, and gunmetal) and also with an aluminium or a magnesium base. It is unusual to find specific references in these reports to brass foundries, and no pathological studies of brass founders' lungs have hitherto been reported.
Since 1936 only 10 deaths from silicosis (with or without tuberculosis) in brass workers have come to the notice of the Factory Department. But these " accidental" cases give no information about the real incidence of silicosis in this trade. Only careful surveys, which combine clinical, x-ray, environmental, and pathological studies, provide such information. There may well be a close analogy between the brass-and iron-founding industries. In the latter, it was thought for years that there was little risk of silicosis and other forms of pneumoconiosis, because few cases had come to the notice of either the Factory Department or the Silicosis Medical Board. When an extensive survey was made (McLaughlin and others, 1950) it was found that the incidence of silicosis and mixed-dust pneumoconiosis, particularly in moulders who made small castings, was moderately high, especially if siliceous parting powders had been used. It was also found that the dominant pathological lesion in these workers was the mixeddust pneumoconiosis nodule and not the classical silicotic nodule.
Again, the non-ferrous metals, including brass, are cast either in sand moulds or in metal moulds (die-casting) . No siliceous dust is created when diecasting takes place. If therefore the results of surveys (usually by radiography alone) of nonferrous foundry workers are given, and no attempt made to separate the sand-casters from the diecasters, a false impression of the incidence of silicosis will be given.
In this article we present the pathological details of six non-ferrous (mainly brass) foundry workers (four moulders and casters and two fettlers) together with such clinical, radiological, and environmental details as were available. In five instances the casting of the various metals was done in sand moulds and in the sixth in iron moulds. To the naked eye the lungs after fixation showed fibrous adhesions over most of both lungs and acute pleurisy over the basal areas where fibrosis was absent. The lungs were bulky with some emphysematous bullae: ragged cavities were present in the apical portion of each lobe of the left lung, and tuberculous bronchopneumonia was evident throughout both lungs. Also seen throughout both lungs were numerous small, hard, black areas most of which were intimately associated with tuberculosis, but a few in the lower parts appeared separate from the infectious process.
Microscopical examination showed tuberculosis of varying age, considerable silico-tuberculous nodulation ( Fig. 1) (Fig. 2) shows generalized increased linear striation with some reticulation, but no nodulation. There is " peaking " of the right diaphragm, suggesting the presence of adhesions. This was seen also in the earlier film.
At necropsy the body was very wasted, and all the organs were wasted except the thyroid, which was moderately enlarged: the heart, which weighed 12 oz., showed dilatation with some hypertrophy of both ventricles. The lungs showed marked emphysema with much pigmentation, some small palpable black nodules, and acute bronchitis.
Microscopically the lungs showed both a generalized and some focal emphysema with small but definite areas of pneumoconiotic fibrosis (Fig. 3) . A hilar lymph node showed linear fibrosis amongst pigment. Case 3.-P. T. was aged 56 years when he died in January, 1950. He had been a caster of copper pipes for 31 years at one works and previously for a few years had been an under-hand at a brass foundry. Before this he had worked on the railway for a few years after leaving school. His main work had consisted in pouring molten copper into " cannon type " iron moulds, which were lined with a mixture of plumbago and oil, and without any added siliceous material. Plumbago, or natural graphite, usually contains a small percentage of free silica. The moulds were water-cooled before the castings were removed. Apart from frequent attacks of metal fume fever he was said to have enjoyed good health until 1945 when he was forced to give up his work because of dyspnoea. In June, 1949, he was admitted to hospital for six weeks. He gave a history of gradually increasing breathlessness on exertion, cough, loss of weight, and joint pains over the previous four or five years; swelling of the legs for two months, and cyanosis for two weeks.
On examination he was thin, wasted, and orthopnoeic. The heart was enlarged and there were signs of emphysema and congestion at the bases of both lungs. There was gross oedema of the legs. Blood pressure was 160/1 10 mm. Hg.
An x-ray examination on June 13, 1949 (the filn is not available), showed that " the cardiac outline appears a little larger than usual and there is wellmarked calcification in the arch of the aorta. The lung fields show a generalized increase in the markings with obliteration of the right costophrenic sulcus. This picture could well fit in with the previous occupational history. There is no evidence of active tuberculosis". A blood count was within normal limits; an electrocardiograph tracing showed right axis deviation. The signs of cardiac failure cleared up during treatment in hospital and he went home where he died six months later.
The fixed specimens showed old pleural adhesions, especially at the bases of the lungs: the pleura elsewhere was black with fairly noticeable white lymphatic markings. The lungs showed much black pigment, had marked emphysema both focal and general, but contained no palpable nodules. There was acute bronchitis more marked in the upper parts of the lungs. The hilar lymph nodes were large, very black, and moderately firm. No tuberculosis was visible.
Microscopically there was diffuse thickening of the alveolar walls in the lungs, largely cellular but with some collagen and with fairly numerous foreign body giant cells which were not particularly associated with pigment. There were some small areas of mixed-dust fibrosis. The hilar lymph nodes were markedly congested; they contained a fair amount of pigment but showed little fibrosis. He left school at 14 years of age and was a brass moulder nearly all his working life, with the exception of three years between 1936 and 1939 when he worked at the docks as a ship's plumber. At his last factory, where he had worked for 12 years, he had done nine years " floor " moulding and three years core making. Altogether he had been a brass moulder for nearly 40 years. No information about the parting powders used in the foundries is available.
About two years before his death he began to get short of breath and he consulted his doctor who sent him for x-ray examination. It was reported that the chest film showed the presence of pneumoconiosis (Fig. 4) . The picture is one of increased linear striation with a background of reticulation. He refused to apply for compensation, and he went back to work and continued with increasing difficulty owing to dyspnoea until October 11, 1952, when he could no longer work. He died at home two months later.
The fixed lungs showed marked apical and marginal emphysema; in addition there was focal emphysema around small pigmented areas which were doubtfully palpable. The bases were congested and partly autolysed. The hilar lymph nodes were soft and not very pigmented.
Microscopically the lungs showed acute bronchopneumonia. There was slight pneumoconiosis with slight focal emphysema. The sections showed comparatively little pigment, of which a little was iron and only a very little silica.
Case 5.-G. E. G. was 76 when he died in January, 1954. He worked as a brass fettler for 45 years, giving up work in 1952. In early life he spent eight years in various jobs that did not carry a risk of pneumoconiosis. His health had been good until the end of 1951 when he noticed that he was short of breath on effort, and he developed an intermittent cough. In 1952 he was found to have a blood pressure of 220/100 mm. Hg and an enlarged heart with a systolic murmur. An x-ray examination (Fig. 5) in May, 1953, showed that there was coarse nodulation in both lungs while below the right clavicle there was massive fibrosis. His death was reported as due to coronary occlusion from coronary atherosclerosis with silicosis of the lungs as an accessory factor.
The lungs after fixation showed a dense, white (" sugar icing ") thickening of the pleura in irregular patches at the apices and elsewhere, the largest patch being 1 in. in diameter: in addition there were many small, white, palpable dots on the blue-black pleura. In the right lung was a mass of conglomerate nodules below the apex about 2 in. in diameter and showing a little ischaemic necrosis at the centre; hard, rounded, black nodules about 4 in. in diameter, forming occasional small agglomerates, were scattered throughout the lung lessening in number towards the base. Focal emphysema was not a conspicuous feature but there was fairly notable emphysema at the base of the lung. The left lung was similar to the right but not so badly affected. No .zdr tools. Fettling is also done by large abrasive wheels to which exhaust ventilation is applied.
After a post-mortem examination, Dr. D. Guest reported that death was due to " toxaemia and heart failure from bronchopneumonia, associated with silicosis of the lung and chronic purulent bronchitis".
To the naked eye the fixed lungs showed many pleural adhesions, widespread bronchiectasis with bronchopneumonia, and several abscesses: some small fibrous nodules were palpable in each lung apparently distinct from the fibrosis due to bronchiectasis. Microscopically (Fig. 10 ) the lungs showed bronchiectasis, bronchopneumonia with abscess formation, some whorled fibrous nodules, and slight simple pneumoconiosis with focal emphysema.
Chemical Analysis of Lungs
The results of chemical analysis are given in the These workers are also invariably exposed to the inhalation of freshly formed zinc oxide and to a lesser extent to the oxides of other metals such as copper, tin, and lead. Some, but not all, brasses contain lead, but none of the cases described in this paper had suffered from lead poisoning.
Of the four moulders and casters, the immediate cause of death in two was bronchopneumonia (one tuberculous) and in the other two cor pulmonale or right-heart failure. All four had marked emphysema, both general and focal, associated with bronchitis. It may well be that emphysema and bronchitis arise partly or mainly from the inhaled dusts and fumes, though it is difficult to produce convincing evidence. But an agent which irritates the pulmonary tissue is also likely to irritate the bronchial mucous membranes.
The amount of occupational fibrosis found in the lungs of the moulders varied. In one case there was well-marked silicosis (associated with tuberculosis); in two others there were definite though not severe areas of mixed-dust fibrosis (which we regard as modified silicosis), and in the fourth there was only slight mixed-dust fibrosis. The man who had the shortest exposure to brass moulding and casting (29 years) had the most marked fibrosis, but he was known to have used a siliceous parting powder for some years. The other three patients had been employed for 32, 31, and 40 years respectively. It is not known for certain if they had used siliceous parting powders, but inquiries suggest that if they had, large quantities were not used. These three men, however, would be exposed to dry siliceous dust arising from the process of knocking away the sand moulds and cores after casting. Such dust might well account for the mixed-dust fibrosis or modified silicosis found in their lungs.
The two brass fettlers or dressers both had silicotic nodules in the lungs. One (Case 5), who had been doing the work for 43 years, developed moderately marked silicosis with some mixeddust fibrosis and focal emphysema. There was also some gross emphysema at the bases of the lungs. The immediate cause of death was coronary thrombosis. The other (Case 6) had worked for 24 years as a bronze fettler and five years as an iron fettler. Death was mainly caused by bronchopneumonia associated with bronchiectasis and abscess formation: however, some fibrous nodules, both of the silicotic and mixed-dust fibrosis types, were present in the lungs.
Though there is not a great deal of visible burnt-on sand on brass castings there is enough to cause some pulmonary fibrosis amongst the fettlers. Our general impression from these cases and our previous studies of iron fettlers is that the lungs of iron fettlers become damaged more quickly than those of brass fettlers. This is consistent with the fact that the melting temperature of iron is higher than that of brass and therefore more burnt-on sand is found on iron castings.
The pathological features of these lungs are similar to those found in workers in iron and steel foundries (Harding and others, 1950) . Simple pneumoconiosis or mixed-dust fibrosis accompanied by focal emphysema as in colliers' lungs is the commonest finding. True whorled silicotic nodules are also occasionally found, as well as transitions between the stellate nodules with linear or radial fibrosis and the classical nodules with whorled dense fibrosis. Both types of lesion are seen in the lungs of Case 5, and possibly represent differences in the silica content of the dust at different periods. As with pneumoconiosis in other trades, tuberculosis and other infections seriously complicate the picture. Summary Clinical, radiographic, environmental, and pathological (gross, histological, and chemical) details of six non-ferrous foundry workers (four moulders and casters, and two fettlers) are described.
